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Peptides from the PKD repeats of polycystin, the PKD1 gene 
product, modulate pattern formation in the developing 
kidney. 

van Adelsberg J. 

Department of Medicine, Columbia University, New York, New York 
10032, USA.jsvl@columbia.edu 

Mutations in the PKD1 gene cause the majority of cases of autosomal 
dominant polycystic kidney disease. The PKD1 gene codes for a protein of 
unknown function, polycystin-1, that is predicted to be a receptor. Its large 
extracellular domain contains 16 copies of novel motif, the PKD repeat, that 
is likely to be a ligand binding domain based on its similarity to 
immunoglobulin domains. These observations suggested that soluble 
fragments of the extracellular domain of polycystin-1 could be used as 
competitive inhibitors of polycystin function in a suitable model system. 
Polycystin-1 is highly expressed in the ureteric bud and other branching 
epithelia during development and interacts with beta-catenin, a molecule 
known to play a role in branching morphogenesis. These data suggested that 
polycystin-1 might play a role in branching morphogenesis. I show here that 
peptides derived from the PKD repeats of polycystin-1 caused an 
asymmetric pattern of ureteric bud branching in cultured kidney rudiments. 
Treatment of kidney rudiments with experimental but not control peptides 
reduced both the number of ureteric bud branches and the number of 
nephrons. Experimental peptides produced significant morphogenetic effects 
at concentrations < or = 0.1 mM. These data suggest that polycystin-1 plays 
a role in branching morphogenesis by the ureteric bud. 
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The PKD1 gene product, "polycystin-l," is a 
tyrosine-phosphorylated protein that colocalizes with 



alpha2betal-integrin in focal clusters in adherent renal 
epithelia. 

Wilson PD, Geng L, Li X, Burrow CR. 

Department of Medicine, Mount Sinai School of Medicine, New York, New 
York 10029, USA. pat.wilson@SMTPlink.mssm.edu 



Mutations in the PKD1 gene are responsible for autosomal dominant 
polycystic kidney disease (ADPKD). Although PKD1 has been cloned and 
shown to be expressed at high levels in the fetal ureteric bud and ADPKD 
cystic epithelia in the human kidney, the function of its encoded protein, 
"polycystin-l" is unknown. In this study we used primary and immortalized 
human renal epithelial cell lines derived from normal fetal, adult, and 
ADPKD kidneys, that endogenously express PKD1, to study the biologic 
function of the polycystin-l protein. ADPKD renal epithelial cells expressed 
high levels of polycystin-l protein and showed increased adhesion to type I 
collagen by comparison with normal adult human renal epithelia that 
expressed little polycystin. Adherent ADPKD cells also expressed high 
levels of alpha2betal-integrin and their attachment was inhibited by a 
functional monoclonal antibody to alpha2-integrin. Double labeling and 
confocal microscopy as well as coimmunoprecipitation analysis showed 
overlapping colocalization of polycystin-l with alpha2betal-integrin as well 
as with the focal adhesion proteins vinculin and paxillin in multiprotein 
clusters localized to focal areas of cell membrane contact with type I 
collagen matrix after short periods of attachment. Immunoprecipitation and 
Western immunoblot studies also showed that polycystin-l was 
posttranslationally modified by tyrosine phosphorylation. These studies 
suggest that the PKD1 -encoded protein is part of a large multiprotein 
complex in epithelial cells that functions in the regulation of extracellular 
matrix interactions with the plasma membrane and cell cytoskeleton. 

PMID: 10532593 [PubMed - indexed for MEDLINE] 



Related Resources 



1 of 2 



7/31/01 9:01 AM 



Entrez-PubMed 



http ://www.ncbi.nlm. nih.gov: 80/entrez/q...-PubMed&dbFrom=PubMed&frorn_uid= 1 03625 14 



PubMed 



National Wb 
Library Wh 
of Medicine 13! 






Entrez PubMed 



□ 1: Li HP, Geng L. Burrow CR, Wilson PP. 



Related Articles 



PubMed Services 



Identification of phosphorylation sites in the PKD1 -encoded protein 
C-terminal domain. 

Biochem Biophys Res Commun. 1999 Jun 7;259(2):356-63. 
PMID: 10362514 [PubMed - indexed for MEDLINE] 



□ 2 : Parnell SC Magenheimer BS. Maser RL. Calvet JP. Related Articles 



Related Resources 



Identification of the major site of in vitro PKA phosphorylation in the 
polycystin-1 C-terminal cytosolic domain. 
Biochem Biophys Res Commun. 1999 Jun 16;259(3):539-43. 
PMID: 10364454 [PubMed - indexed for MEDLINE] 



□ 3: Sun G. Ke S, Budde RJ. 



Related Articfes 



Csk phosphorylation and inactivation in vitro by the cAMP-dependent 
protein kinase. 

Arch Biochem Biophys. 1997 Jul 1 5 ;343(2): 194-200. 
PMID: 9224730 [PubMed - indexed for MEDLINE] 

□ 4; Zamanillo D, Casanova E, Alonso-Llamazares A, Related Articles. Protein, Nucleotide 

' Ovalle S, Chinchetru MA, Calvo P. 

Identification of a cyclic adenosine 3^5'-monophosphate-dependent protein 

kinase phosphorylation site in the carboxy terminal tail of human Dl 

dopamine receptor. 

Neurosci Lett. 1 995 Mar 3 1 ; 1 88(3): 183-6. 

PMID: 7609904 [PubMed - indexed for MEDLINE] 

□ 5: Lee TR, Niu J. Lawrence PS. Related Articles 

The extraordinary active site substrate specificity of pp60c-src. A multiple 

specificity protein kinase. 

J Biol Chem. 1995 Mar 10;270(10):5375-80. 

PMID: 7534295 [PubMed - indexed for MEDLINE] 

□ 6: Sava H. Lee PS. Nishi T. Izawa I Nakaiima M, Gallick GE. Levin VA. Related Articles 

Bacterial expression of an active tyrosine kinase from a protein A/truncated 

c-src fusion protein. 

FEBS Lett. 1993 Jul 26;327(2):224-30. 

PMID: 7687570 [PubMed - indexed for MEDLINE] 



lof3 



7/31/01 8:56 AM 



Enirez-rubmed 



http://www.ncbi.nlm.nih.gov:80/entre77q.. =PubMed&dbFrom=PubMed&from_uid= : 1 03625 1 4 



□ 7: Caohuv H. Pollard HB. Related Articles 

Activation of annexin 7 by protein kinase C in vitro and in vivo. 
J Biol Chem. 200 1 Apr 20;276( 1 6): 1 28 1 3-2 ] . 
PMID: 1 1278415 [PubMed - indexed for MEDLINE] 

□ 8 : Harada H, Becknell B, Wilm M Mann M Huang LJ, Taylor SS, Scott Related Articles 

JD, Korsmeyer SJ. 

Phosphorylation and inactivation of BAD by mitochondria-anchored protein 
kinase A. 

Mol Cell. 1999Apr;3(4):413-22. 

PMID: 10230394 [PubMed - indexed for MEDLINE] 

□ 9: Wilson PP. Geng L, Li X, Burrow CR. Related Articles 

The PKD1 gene product, "polycystin-l," is a tyrosine-phosphorylated 

protein that colocalizes with alpha2betal-integrin in focal clusters in 

adherent renal epithelia. 

Lab Invest. 1999 Oct;79(10): 131 1-23. 

PMID: 10532593 [PubMed - indexed for MEDLINE] 

□ 10: Izawa h Tamaki K Saya H. Related Articles 

Phosphorylation of neurofibromatosis type 1 gene product (neurofibromin) 

by cAMP-dependent protein kinase. 

FEBS Lett. 1996 Mar 1 l;382(l-2):53-9. 

PMID: 8612763 [PubMed - indexed for MEDLINE] 

□ 11 : Sidovar MP. Kozlowski P, Lee J W, Collins MA, He Y, Graves LM. Related Articles 

Phosphorylation of serine 43 is not required for inhibition of c-Raf kinase by 
the cAMP-dependent protein kinase. 
J Biol Chem. 2000 Sep 15;275(37):28688-94. 
PMID: 10862777 [PubMed - indexed for MEDLINE] 

□ 12: Murphy BJ. Rogers J. Perdichizzi AP, Colvin AA, Catterall WA. Related Articles 

cAMP-dependent phosphorylation of two sites in the alpha subunit of the 

cardiac sodium channel. 

J Biol Chem. 1996 Nov 15;271(46):28837-43. 

PMID: 8910529 [PubMed - indexed for MEDLINE] 

[] 13 : Briggs LJ, Stein D, Goltz L Corrigan VC Efthvmiadis A, Hubner S, Related Articles 
Jans DA. 

The cAMP-dependent protein kinase site (Ser312) enhances dorsal nuclear 
import through facilitating nuclear localization sequence/importin 
interaction. 

J Biol Chem. 1998 Aug 28;273(35):22745-52. 
PMID: 9712906 [PubMed - indexed for MEDLINE] 

□ 14: Feschenko MS. Stevenson E, Sweadner KJ. Related Articles 

Interaction of protein kinase C and cAMP-dependent pathways in the 
phosphorylation of the Na,K-ATPase. 
J Biol Chem. 2000 Nov 3;275(44):34693-700. 
PMID: 10940309 [PubMed - indexed for MEDLINE] 



2 of 3 



7/31/01 8:56 AM 



D.ili^-PubMcJ 



nnp://www.ncDi.nim.nin.gov:8U/entrez/q.. =PubMed&dbFrom=PubMed&from_uid= 1 03625 1 4 



□ 15: Davare MA, Home MC. Hell JW. Related Articles 

Protein phosphatase 2A is associated with class C L-type calcium channels 
(Cavl.2) and antagonizes channel phosphorylation by cAMP-dependent 
protein kinase. 

J Biol Chem. 2000 Dec 15;275(50):39710-7. 
PMID: 10984483 [PubMed - indexed for MEDLINE] 

□ 16: Reddv S. Aggarwal BB. Related Articles 

Curcumin is a non-competitive and selective inhibitor of phosphorylase 
kinase. 

FEBSLett. 1994 Mar 14;34 1 (1 ): 19-22. 

PMID: 75 1 1 1 1 1 [PubMed - indexed for MEDLINE] 

□ 17: Park TS, Ostrander DB, Pappas A, Canrtan GM. Related Articles 

Identification of Ser424 as the protein kinase A phosphorylation site in CTP 

synthetase from Saccharomyces cerevisiae. 

Biochemistry. 1999 Jul 6;38(27):8839-48. 

PMID: 10393561 [PubMed - indexed for MEDLINE] 

□ 18: Sable CL, FilippaN. Hemmings B, Van Obberghen E, Related Articles 

cAMP stimulates protein kinase B in a Wortmannin-insensitive manner. 

FEBS Lett. 1997 Jun 9;409(2):253-7. 

PMID: 9202156 [PubMed - indexed for MEDLINE] 

□ 19; Arnould T, Kim E, Tsiokas L Jochimsen F, Gruning W, Chang JD, Related Articles 

' Walz G. 

The polycystic kidney disease 1 gene product mediates protein kinase C 

alpha-dependent and c-Jun N-terminal kinase-dependent activation of the 

transcription factor AP-1 . 

J Biol Chem. 1998 Mar 13;273(1 1):6013-8. 

PMID: 9497315 [PubMed - indexed for MEDLINE] 

□ 20: Movers JS. Zhu J. Kahn CR. Related Articles 

Effects of phosphorylation on function of the Rad GTPase. 
Biochem J, 1998 Aug 1;333 ( Pt 3):609-14. 
PMID: 9677319 [PubMed - indexed for MEDLINE] 




Write to the Help Desk 
NCBI I NLM I NIH 
Department of Health & Human Services 
Freedom of Information Act | Disclaimer 



3 of 3 



7/31/01 8:56 AM 



Dulicz.-PulMcJ 



http://www.ncbi.nlm. nih.gov :80/entrez/q„ =PubMed&dbFrom=PubMedMrom_uid= 1 0532593 




PubfCjed 



National WtdM 
Library 
of Medicine GuZl 




:ntrez PubMed §§^^ 



PubMed Services 



Related Resources 



□ 1: Wilson PD, Geng L, Li X, Burrow CR. Related Articles 

The PKD1 gene product, "polycystin-l," is a tyrosine-phosphorylated 

protein that colocalizes with alpha2betal-integrin in focal clusters in 

adherent renal epithelia. 

Lab Invest. 1999 Oct;79(10): 131 1-23. 

PMID: 10532593 [PubMed - indexed for MEDLINE] 

□ 2: Geng L. Burrow CR, Li HP, Wilson PP. Related Articles 

Modification of the composition of polycystin-l multiprotein complexes by 
calcium and tyrosine phosphorylation. 
Biochim Biophys Acta. 2000 Dec 15;1535(l):21-35. 
PMID: 1 1 1 13628 [PubMed - indexed for MEDLINE] 



□ 3: Huan Y, van Adelsberg J. Related Articles ; OMIM 

Polycystin-l, the PKD1 gene product, is in a complex containing E-cadherin 
and the catenins. 

J Clin Invest. 1999 Nov; 104(10): 1459-68. 

PMID: 10562308 [PubMed - indexed for MEDLINE] 



□ 4 : Geng L, Segal Y, Peissel B. Deng K Pei Y, Carone F, Rennke HG, Related Articles 

Glucksmann-Kuis AM, Schneider MC, Ericsson M, Reeders ST, Zhou J. 

Identification and localization of polycystin, the PKD1 gene product. 
J Clin Invest. 1996 Dec 15;98(12):2674-82. 
PMID: 8981910 [PubMed - indexed for MEDLINE] 

□ 5: van Adelsberg J. Related Articles 

Peptides from the PKD repeats of polycystin, the PKD1 gene product, 

modulate pattern formation in the developing kidney. 

Dev Genet. 1999;24(3-4):299-308. 

PMID: 10322638 [PubMed - indexed for MEDLINE] 



IT| 6: Ibraghimov-Beskrovnava CX Bukanov NO. Donohue LC. Related Articles. OM!M 

Dackowski WR, KJinger KW, Landes GM. 

Strong homophilic interactions of the Ig-like domains of polycystin-l , the 
protein product of an autosomal dominant polycystic kidney disease gene, 
PKD1. 

Hum Mol Genet. 2000 Jul 1;9(1 1): 164 1-9. 

PMID: 10861291 [PubMed - indexed for MEDLINE] 



lof3 



7/31/01 8:57 AM 



Euli«u.-PuLMcal 



nnp://www.ncDi.nim.nm.gov:8U/entrez/q.. =PubMed&dbFrom=PubMed&from_uid= 1 0532593 



□ 7: Van Adelsberg J, Chamberlain S, D'Agati V. 



Related Articles 



Polycystin expression is temporally and spatially regulated during renal 
development. 

Am J Physiol. 1997 May;272(5 Pt 2):F602-9. 
PMID: 9176370 [PubMed - indexed for MEDLINE] 



Cystic diseases of the kidney: role of adhesion molecules in normal and 

abnormal tubulogenesis. 

Exp Nephrol. 1999 Mar-Apr;7(2): 1 14-24. Review. 

PMID: 10213865 [PubMed - indexed for MEDLINE] 



Autosomal dominant polycystic kidney disease: clues to pathogenesis. 
Hum Mol Genet. 1999;8(10):1861-6. Review. 
PMID: 10469838 [PubMed - indexed for MEDLINE] 

Q 10: Hanaoka K. Qian F, Boletta A, Bhunia AKL Piontek Tsiokas Related Articles. OMIM 
L, Sukhatme VP, Guggino WB, Germino GG. 

Co-assembly of polycystin- 1 and -2 produces unique cation-permeable 

currents. 

Nature. 2000 Dec 21-28;408(6815):990-4. 

PMID: 1 1 140688 [PubMed - indexed for MEDLINE] 

□ 11: van Adelsberg JS. Related Articles 

The role of the polycystins in kidney development. 
Pediatr Nephrol. 1999 Jun;13(5):454-9. Review. 
PMID: 10412869 [PubMed - indexed for MEDLINE] 

£] 12; Peters DJ, van de Wal A, Spruit L, Saris JJ, Breuning MR Bruijn J A, Related Articles 
de Heer E. 

Cellular localization and tissue distribution of polycystin- 1 . 

J Pathol. 1999 Aug; 188(4):439-46. 

PMID: 10440756 [PubMed - indexed for MEDLINE] 

□ 13: Palsson R. Sharma CP, Kim K, McLaughlin M, Brown D. Arnaout MA. Related Articles 

Characterization and cell distribution of polycystin, the product of autosomal 

dominant polycystic kidney disease gene 1 . 

Mol Med. 1996Nov;2(6):702-ll. 

PMID: 8972485 [PubMed - indexed for MEDLINE] 

□ 14: Veldhuisen B. Spruit L. Dauwerse HG. Related Articles, Protein, Nucleotide, OMIM 

Breuning MR Peters DJ, 

Genes homologous to the autosomal dominant polycystic kidney disease 

genes (PKD1 and PKD2). 

Eur J Hum Genet, 1999 Dec;7(8):860-72. 

PMID: 10602361 [PubMed - indexed for MEDLINE] 

Q 15; Geng L. Segal Y, Pavlova A, Barros EJ, Lohning C, Lu W, Nigam SIC Related Articles 
Frischauf AM. Reeders ST, Zhou J. 

Distribution and developmental^ regulated expression of murine polycystin. 
Am J Physiol. 1997 Apr;272(4 Pt 2):F45 1-9. 



□ 8: Wilson PP. Burrow CR. 



Related Articles 



□ 9: Harris PC. 



Related Articles 



2 of 3 



7/31/01 8:57 AM 



Enirez-rubivlcd 



nnp;//www.ncDi.nlm.nin.gov:80/entrez/q„ =PubMed&dbFrom=PubMed&from_uid= 10532593 



PMID: 9140045 [PubMed - indexed for MEDLINE] 

□ 16: Bateman A. Sandford R. Related Articles 

The PLAT domain: a new piece in the PKD1 puzzle. 
Curr Biol. 1999 Aug 26;9(16):R588-90. No abstract available. 
PMID: 10469604 [PubMed - indexed for MEDLINE] 

□ 17: Bycroft M, Bateman A, Clarke J, Hamill SJ, Related Articles, Protein, Structure 

Sandford R, Thomas RL, Chothia C. 

The structure of a PKD domain from polycystin-1 : implications for 

polycystic kidney disease. 

EMBO J. 1999 Jan 15;18(2):297-305. 

PMID: 9889186 [PubMed - indexed for MEDLINE] 

□ 18: Pontine CP. Hofinann K. Bork P. Related Articles 

A latrophilin/CL-l-like GPS domain in polycystin-1 . 
Curr Biol. 1999 Aug 26;9(16):R585-8. No abstract available. 
PMID: 10469603 [PubMed - indexed for MEDLINE] 

□ 19: Somlo S. Markowitz GS. Related Articles 

The pathogenesis of autosomal dominant polycystic kidney disease: an 
update. 

Curr Opin Nephrol Hypertens. 2000 Jul;9(4):3 85-94. Review. 
PMID: 10926175 [PubMed - indexed for MEDLINE] 

□ 20' Nauta J, Goedbloed MA, van den Ouweland AM, Nellist M. Hoogeveen Related Articles 

AT. 

Immunological detection of polycystin-1 in human kidney. 
Histochem Cell Biol. 2000 Apr;l 13(4):303-l 1. 
PMID: 10857482 [PubMed - indexed for MEDLINE] 




Write to the Help Desk 
NCBI I NLM I NIH 
Department of Health & Human Services 
Freedom of Information Act | Disclaimer 



3 of 3 



7/31/01 8:57 AM 



Eiuiez-Fubfvlcd 



http://www,ncbi.nlm.nih.gov:80/entre2/q..J > ubMed&list_uids=l02l3865&dopi==Absirac( 




Pub((5jed 



National 
Library mm 
of Medicine BIS 




Entrez PubMed 



□ 1: Exp Nephrol 1999 Mar-Apr;7(2):l 14-24 Related Articles, Books, LinkOut 



PubMed Services 



Cystic diseases of the kidney: role of adhesion molecules in 
normal and abnormal tubulogenesis. 



Related Resources 



Wilson PD, Burrow CR. 
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This short review summarizes some information concerning what is known 
about matrix adhesion molecules, focal adhesion proteins, and cell-cell 
adhesion molecules in normal renal development and cystic diseases of the 
kidney. The focus is on human nephrogenesis and disease, but utilizes 
critical information gained from genetically manipulated mouse models. 
Interestingly, a significant role for the human PKD- 1 -encoded gene product, 
polycystin-1, has been found in cell-matrix interactions via integrins during 
development, and mutations lead to autosomal dominant polycystic kidney 
disease (ADPKD). Recent studies on human ADPKD have implicated 
polycystin-1 in the formation of multiprotein complexes containing focal 
adhesion proteins at the basal cell surface of the normal ureteric bud. Further 
evidence of a critical role of cell-matrix interactions via focal adhesion 
complex formation is provided by the development of renal cystic disease in 
tensin knockout mice. 
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contain additional domains known to interact with a variety of 
signaling molecules such as 14-3-3, Rapl/2, RhoA, GbetaS, GIPC, and 
polycystin. RGS14, a larger member of the RGS family impairs 
Gialpha- and G13alpha-mediated signaling pathways and is strongly 
expressed in lymphocytes. To search for additional RGS 14 functions, we 
performed a yeast 2-hybrid screen using a human spleen library 
with an RGS14 bait. We identified the human centrosome protein, ninein as 
well as several. 
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at lower levels in renal tubular epithelial cells in the adult 
kidney, particularly in distal nephron segments. Independent yeast 
two-hybrid screens using the COOH-terminal region of either 
CD2AP or polycystin-2 as bait identified the COOH termini of 
polycystin-2 and CD2AP, respectively, as strong interacting 
partners. This interaction was confirmed in cultured cells by 
co-immunoprecipitation of endogenous polycystin-2 with 
endogenous CD2AP and vice versa. CD2AP shows a diffuse reticular 
cytoplasmic and perinuclear pattern of distribution, similar to 
polycystin-2, in cultured cells, and the two proteins co-localize 
by indirect double immunofluorescence microscopy. CD2AP is an adapter 
molecule that associates. . . membrane proteins to organize the 
cytoskeleton around a polarized site. Such a function fits well with that 
hypothesized for the polycystin proteins in renal tubular 
epithelial cells, and the present findings suggest that CD2AP has a role 
in polycystin-2 function. 
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studies on cystogenesis suggest a key role of cell-to-cell or 
cell-to-matrix interactions. Surface proteins mediating cell-to-cell 
contact, such as E-cadherin (polycystin?), integrin 

interactions, growth factors, receptor expression, are involved in the 
process of differentiation of the cellular . condition and of the. 
(unknown chromosome) in a few families. PCR-based mutation detection 
methods, automated DNA sequencing, and other "functional" methods are 

to screen and analyse ADPKD patients. It is not yet known 

whether the mutations identified so far in PKD1 and PKD2 inactivate the 

genes or generate an aberrant product. The products of PKD1 and PKD2 

have been called polycystin 1 and 2. Polycystins are 

members of a family of interactive proteins involved in complex adhesive 
cell-cell, cell-matrix, protein-protein, and protein-carbohydrate 
interactions in the. 
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AB kidney disease (ADPKD), PKD1 (polycystic kidney disease 1), has 

been fully characterized and shown to encode an integral membrane 
protein, 

polycystin, involved in cell-cell and/or cell-matrix interactions. 
Study of the PKD1 gene has been complicated because most of the gene 

lies . 

elsewhere on the same chromosome, and consequently only seven 
mutations have been described so far. Here we report a systematic 
screen covering approximately 80% of the approximately 2.75 kb of 
translated transcript that is encoded by single-copy DNA . We have 
identified. . . they indicate that the majority of mutations lie 
within 

the duplicated area, which is difficult to study. The regions of 

polycystin removed in each mutation so far described are assessed 

for their functional significance; an area disrupted by two new small. 
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polycystic kidney disease. The assays of the invention comprise, 
decrease in the PKD mediated mutant phenotype. Characteristics assocd. 
with such a mutant phenotype include increased adherence to type I 
collagen-coated surfaces; apical expression of NaK-ATPase 
on the cell membrane; increased expression of . beta . -2-NaK-ATPase 
; and decreased focal adhesion kinase (FAK) 
incorporation into focal adhesion complexes, and 

inability to form tubular structures in a gel matrix. To facilitate the 
screening methods of the invention, cells. . . engineered to express 
epitope tagged PKD gene products and/or epitope tagged PKD interacting 
proteins (PKD-IP) . Such interacting proteins include e.g. focal 
adhesion complex proteins such as FAK, paxillin, vinculin, and 
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increased aanerence to type i collagen-coated surfaces; apical 
expression of NaK-ATPase on the cell membrane; increased 
expression of . beta . -2 -NaK-ATPase; and decreased focal 
adhesion kinase (FAK) incorporation into focal 

adhesion complexes, and inability to form tubular structures in a 
gel matrix. To facilitate the screening methods of the invention, cells 
may be genetically engineered to express epitope tagged PKD gene products 
and/or epitope tagged PKD interacting proteins (PKD-IP) . Such 
interacting 

proteins include e.g. focal adhesion complex proteins 
such as FAK, paxillin, vinculin, and talin. 
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AB Cell-based screening assays are provided which are designed to 

identify agents that regulate the activity of the polycystic kidney 

disease proteins encoded by the PKD-1 and PKD-2 genes (polycystin 

-1 and -2) and that may be useful in the treatment of polycystic kidney 

disease. The assays of the invention comprise the contacting of 

genetically engineered cells expressing a mutant or truncated PKD gene 

product with a test agent and assaying for a decrease in the PKD mediated 

mutant phenotype. Characteristics assocd. with such a mutant phenotype 

include increased adherence to type I collagen-coated surfaces; apical 

expression of NaK-ATPase on the cell membrane; increased 

expression of . beta . -2-NaK-ATPase; and decreased focal adhesion 

kinase (FAK) incorporation into focal adhesion complexes, and inability 

to 



form tubular structures in a gel matrix. To facilitate the screening 
methods of the invention, cells may be genetically engineered to express 
epitope tagged PKD gene products and/or epitope tagged PKD interacting 
proteins (PKD-IP). Such interacting proteins include e.g. focal adhesion 
complex proteins such as FAK, paxillin, vinculin, and talin. 
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normal allele in individual polarized epithelial cells. Most 
recent advances are focused on the function of the respective protein 
products, polycystin-1 and polycystin-2 . Indirect 
evidence supports an interaction between polycystin-1 and -2, 
albeit it is unlikely that they work in concert in all tissues and at all 
times. They associate in yeast two hybrid and cotransf ection 
assays and there is a striking similarity in the renal and 
pancreatic cystic phenotypes of Pkd2-/- and Pkdldel34 /del34 mice. Also, 
the. . . human disease phenotypes remain completely overlapping with 
the major difference being in relative severity. Mounting evidence 
supports the hypothesis that polycystin- 1 is a cell surface 
receptor. A close homologue in the sea urchin sperm mediates the acrosome 
reaction in response to. . . disease domains reveals a beta-sandwich 
fold commonly found in surface receptor molecules. Indirect evidence also 
supports the initial hypothesis that polycystin-2 is a calcium 
channel subunit . Several closely related homologues retain the calcium 
channel signature motif but differ in their predicted. . . shown to be 
a calcium regulated cation channel. Several important distinctions in 
polcystin-1 and -2 function have also been discovered. Polycystin 
-2 has a role in cardiac development that polcystin-1 does not. High 

polycystin-2 expression in renal epithelial cells 

coincides with maturation and elongation of tubules and, unlike 

polycystin-1, persists into adulthood. In cells in tissue culture, 

polycystin-2 is expressed exclusively in the endoplasmic reticulum 

whilst the cellular expression of polycystin-1 remains 

unknown. Overall, the difficult task of understanding the autosomal 

dominant polycystic disease process is proceeding apace. 
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The PKDl-encoded protein, "polycystin- 1 " , has a large N-terminal 
extracellular portion, multiple transmembrane domains, and a short 
intracellular C-terminal tail with four tyrosine residues and. 
kidney development and autosomal dominant polycystic kidney disease 
(ADPKD) is still unknown. We have subcloned the cDNA encoding the 
polycystin-1 C-terminal domain (PKD1-CTD) into a prokaryotic 
expression vector, and site-directed mutagenesis was performed to 
target the four tyrosine residues and four serine residues in two 
putative 

phosphorylation sites. In vitro phosphorylation assays were 
conducted on both wild type and mutant PKD1-CTD fusion proteins. It 
found that the wild type PKD1-CTD and. 
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locus of the common genetic disorder autosomal dominant 
polycystic kidney disease. We have studied PKD1 mRNA, with an RNase 
protection assay, and found widespread expression in 

adult tissue, with high levels in brain and moderate signal in kidney. 
Expression of the PKD1 protein, polycystin, was assessed 

in kidney using monoclonal antibodies to a recombinant protein containing 
the C terminus of the molecule. In fetal and adult kidney, staining is 
restricted to epithelial cells. Expression in the developing 
nephron is most prominent in mature tubules, with lesser staining in 
Bowman's capsule and the proximal ureteric. . . persists in cortical 
tubules with moderate staining detected in the loops of Henle and 
collecting ducts. These results suggest that polycystin' s major 
role is in the maintenance of renal epithelial differentiation and 
organization from early fetal life. Interestingly, polycystin 
expression, monitored at the mRNA level and by 

immunohistochemistry, appears higher in cystic epithelia, indicating that 
the disease does not result. 
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